Abstract Objectives Depressive symptoms have been associated with obesity. Little is known about this relationship among immigrants. We examined relationships between depressive symptoms and weight status in immigrant women from three ethnic groups. Methods Participants were Brazilian, Haitian, and Latina women (n = 345) enrolled in Live Well, a community-based, randomized intervention designed to prevent weight gain in recent immigrants. Study data are from baseline when participants completed the Center for Epidemiological Studies Depression Scale (CES-D), Perceived Stress Scale, a physical activity questionnaire, and socio-demographic questions; BMI was calculated from measured height and weight. Results Forty-four percent of participants (36 % of Brazilians, 66 % of Haitians, 30 % of Latinas) had high depressive symptoms (CES-D C 16), and 38 % (26 % of Brazilians, 49 % of Haitians, 42 % of Latinas) were obese (BMI C 30.0). Those reporting more depressive symptoms were more likely to be obese (Wald Chi square = 4.82, p \ .05). An interaction between depressive symptoms, ethnic group, and income was revealed (F(4,340) = 2.91, p \ .05), such that higher depressive symptoms were associated with higher BMI among Brazilians earning C$30,000 per year and with lower BMI among Brazilians earning \$30,000. The relationship between depressive symptoms and obesity did not differ by income among Haitians or Latinas. Conclusions Depressive symptoms and obesity were highly prevalent among these recently-immigrated women. Positive relationships between these variables were consistent across ethnic and income groups, with the exception of lower-income Brazilians. While these (2016 ( ) 20:1578( -1585( DOI 10.1007( /s10995-016-1957 findings suggest similar patterns and health needs across several groups of immigrants, cultural differences should be considered when addressing these health conditions.
Introduction
Both obesity and depression have been identified as public health priorities due to their widespread nature, associated disease burden, and economic costs [1] . Given that immigrants are estimated to comprise nearly one-fifth of the US population by 2050 [2] , and that they are at increased risk for both obesity and depression as time in the US increases [3] , a better understanding of these problems among immigrant populations is important. Health-related research among immigrants has focused predominantly on Latinos, a major and growing immigrant group [2] , but similar trends have been observed among other immigrant groups, in which many aspects of health decline with increased time in the US [3] . To elucidate the relationship between depression and obesity in the context of immigration to the US, more information about depressionobesity associations in multiethnic samples of recent immigrants is needed.
Depression is one of the most prevalent diseases globally and a leading cause of disability [4] , with symptoms that include changes in mood, cognitive functioning, sleep, appetite, and energy level. Many individuals suffering from depression receive no treatment, and disparities exist in both the prevalence of depression and the likelihood of receiving treatment. In the US, depressive symptoms have been shown to be higher among women, racial/ethnic minorities, and lower-income individuals [5] . In general, immigrants arrive to the US with lower levels of depressive symptoms than their US-born counterparts, but this advantage decreases with time in the US [3] . For example, Latina immigrants who had lived in the US for at least 15 years had higher depressive symptoms than US-born Latinas [6] . In contrast, research with Haitian immigrants has yielded mixed results [7, 8] , possibly due to cohort effects; high rates of depressive symptoms among Haitian immigrants were attributed to the 2010 Haitian earthquake in one recent study [8] . Although it appears that depressive symptoms among immigrants are prevalent overall, information about potential differences between ethnic groups, for whom the process of transitioning to a new culture may differ, is limited.
Acculturation is defined as the bidirectional process of cultural and psychological change that results when two cultures meet [9] . For new immigrants to the US, the major force is towards assimilation to the dominant culture. Increases in depressive symptoms with increased time in the US have been attributed in part to acculturative stress, or psychological, physical, and social difficulties related to the transition to a new culture [10] . Difficulties can stem from various aspects of the acculturation process, including discrimination, new family responsibilities, economic hardship, and a lack of understanding of the new cultural system's values, language, and beliefs. Furthermore, the working conditions of many new immigrants can be hazardous to their health and can include physical stressors, abuse, and exploitation [11] . These stressors may contribute to the emergence of depressive symptoms.
Additionally, as immigrants transition to living in the US, they are exposed to obesogenic environments characterized by ubiquitous, relatively affordable convenience foods and sedentary lifestyles. Initially, immigrants in the US are less likely to be obese than US-born individuals, but after more than a decade in the US, their obesity rates are comparable to US-born individuals' [3] , likely reflecting the obesity-promoting changes in dietary and physical activity patterns that come with the transition to an American lifestyle [12] . Stress can also lead to adverse changes in sleep quality, physical activity, and dietary intake, which may contribute to weight gain [13] . While research about acculturation effects on both mental and physical health is growing, interrelationships between these processes remains poorly understood.
Studies in the general population (i.e., not focused on immigrants specifically) have shown a bidirectional relationship between depression and obesity [14] , such that depressive symptoms predict the development of obesity and vice versa; further, these relationships appear to be stronger among women [1] . There were similar findings in a small study of Latina immigrants, in which higher depressive symptoms were positively associated with BMI [6] . The relationship between obesity and depressive symptoms across different immigrant groups remains largely unexplored. Given that the risk for depressive symptoms and obesity both increase with time in the US, and potential differences in the acculturation process for immigrants from different ethnic groups, it is important to examine these health outcomes in tandem within multiethnic immigrant samples. Additionally, given evidence that stress may contribute to both depressive symptoms and weight outcomes, such examinations should test whether depressive symptoms and obesity are related beyond their shared relationships with stress. We explored the prevalence of and relationship between depressive symptoms and obesity in a cross-sectional sample of immigrants from three ethnic groups. We hypothesized that depressive symptoms and obesity would be positively related across ethnic groups, after adjusting for perceived stress and other relevant characteristics described herein, and also explored whether these covariates modified the relationship between depressive symptoms and weight status.
Methods Participants
Participants were 345 women (39.7 % Brazilian, 31.6 % Haitian, 28.7 % Latina) enrolled in Live Well, a community-based, participatory, randomized controlled lifestyle intervention designed to prevent weight gain in recent immigrant women. Recruitment materials focused on healthy living as opposed to weight. Data for the current analysis were from baseline (pre-intervention) assessments. Detailed demographic information from the Live Well study has been published previously [12] . Given the study's overarching goal to prevent weight gain in recent immigrants, residence in the US for \10 years was an inclusion criterion, along with: 20-55 years of age; not pregnant or B6 months postpartum; having a child between 3 and 12 years old; residence in the Greater Boston area; and willingness to be randomized to intervention or waitlist control groups. Participants were of Brazilian, Haitian, or Spanish-speaking Latina descent, representing three of the largest immigrant groups in Greater Boston. Latinas in this study were primarily from El Salvador, Colombia, Guatemala, Dominican Republic and Honduras. For inclusion in the current analysis, participants needed to have data on the study's key variables. Ninety percent of 383 women enrolled in Live Well met these criteria; their demographics appear in Table 1 . Informed consent was obtained from all participants. The study was approved by the Institutional Review Board of Tufts University. All survey measures were available in Portuguese, HaitianCreole, and Spanish. Measures that lacked existing versions in any of these languages were translated and backtranslated into English by a native speaker. Trained interpreters were available to assist participants with survey completion.
Measures

Depressive Symptoms
Depressive symptoms were measured using the Center for Epidemiological Studies Depression Scale (CES-D), a reliable and valid screening tool for assessing depressive symptoms in non-clinical samples [15] . The CES-D is a non-diagnostic measure and examines health correlates of depressive symptoms based on responses about feelings and behaviors over the past week. This measure has been widely used, including with Haitian [16] and Hispanic [17] populations. Scores range from 0 to 60, with scores C16 indicating high depressive symptoms [15] . Scores were Age in years (n = 341) 34.1 ± 5.7 38.5 ± 6.2 35.5 ± 6.6
Years in the US (n = 338) 7.4 ± 2.5 3.3 ± 3.1 7.0 ± 2.5
Frequencies above reflect percentages among those providing data on the corresponding variable. For income, a categorical indicator of missing data was created and used in statistical analyses due to the large number of missing cases coded as missing if participants lacked data on C4 items [15] .
Weight Status
Height and weight were measured in triplicate by trained researchers following standard procedures [18] . Height was measured without shoes to the nearest eighth of an inch using a portable vertical stadiometer (Shorr Production, LLC, Olney, MD). Weight was measured to the nearest .5 pound on a digital quadruple strain gauge technology platform scale (Befour Model PS-6600, Befour Inc., Saukville, WI) without shoes and in light clothing. Body mass index (BMI) was calculated from average height and weight measurements. Participants were categorized as obese (BMI C 30.0) or non-obese (BMI \ 30.0) as recommended based on associations with disease risk [19] . Both continuous BMI and this clinically-relevant dichotomous variable were examined in statistical analyses.
Covariates
A number of covariates were considered based on relevant literature (e.g., [20] ), including annual family income, education, living with a spouse or partner, number of children in the household, household size, use of food assistance, days per week of family dinner, years in the US, total activity from the Pregnancy Physical Activity Questionnaire (PPAQ) [21] , and perceived stress. As described below, income and perceived stress were included in final models. Annual family income was operationalized as a categorical variable, with three categories: C$30,000; \$30,000; missing income data (15 %). The cut-off of $30,000 corresponds to about 125 % of the federal poverty line for a family of four in the state in which the study was conducted. Perceived stress was operationalized as the total perceived stress score from the Perceived Stress Scale (PSS) [22] , which gauges the respondent's perception of stress over the last month. In previous studies, this scale was translated and validated in a Spanish-speaking population [23] and in Portuguese-speaking Brazilians [24] . As stated above, the scale was translated and back-translated into Haitian-Creole for the current study. A short version consisting of ten items was used [25] .
Statistical Analyses
Analyses were conducted using SAS 9.4 (Cary, NC). We calculated the percentage of women in each ethnic group with high depressive symptoms and obesity and assessed group differences using logistic regression. We conducted multivariable analyses to examine relationships between depressive symptoms and weight status. Models were tested with obesity (dichotomous) and BMI (continuous) as outcomes using logistic regression and general linear models, respectively. In each model, predictors included depressive symptoms (continuous), ethnic group, their interaction, and two covariates: perceived stress and family income. These covariates changed the coefficient representing the relationship between depressive symptoms and obesity by more than 10 %; the other covariates examined did not meet this criterion. We also examined relationships between these two covariates using a general linear model with income as a categorical predictor. Finally, in exploratory analyses, we examined both covariates as moderators, introducing each of the following interaction terms into the model predicting BMI: depressive symptoms 9 covariate, ethnic group 9 covariate, and depressive symptoms 9 ethnic group 9 covariate. Results from all linear and logistic models reported herein remained the same when removing the one participant who was underweight (BMI \ 18.5).
Results
Descriptive Statistics
As shown in Fig. 1 
Relationship Between Depressive Symptoms and Obesity
There was a significant main effect, such that participants with higher depressive symptoms were more likely to be obese (Wald Chi square = 4.82, p \ .05). Results were similar with BMI as the outcome. There was no statistical interaction between depressive symptoms and ethnic group in the context of either of these models, indicating that the overall positive relationship between depressive symptoms and obesity did not differ by ethnic group. Test statistics and p values corresponding to each term of these models appear in Table 2 .
Exploring Interactions with Covariates
Perceived stress did not modify the relationship between depressive symptoms, ethnic group, and weight outcomes, nor were any of the subordinate two-way interactions in this model significant (depressive symptoms 9 ethnic group, depressive symptoms 9 perceived stress, ethnic group 9 perceived stress). There was, however, a significant three-way interaction between ethnic group, depressive symptoms, and income [F(4,340) = 2.91, p \ .05]: higher depressive symptoms were associated with higher BMI among Brazilians earning C$30,000 per year and with lower BMI among Brazilians earning less (p = .01; Fig. 2) . The relationship between depressive symptoms and obesity did not differ by income group among Haitians or Latinas. The two covariates of interest, the categorical income variable and perceived stress score, were not significantly related, but there was a trend (p = .07) in the direction of lower-income women reporting higher stress.
Discussion
This study identified a high prevalence of depressive symptoms and obesity among immigrant women from three ethnic groups. Findings from our primary model showed a relationship between depressive symptoms and weight status, such that higher depressive symptoms were significantly associated with obesity, and this did not vary by ethnic group. A subsequent exploratory model revealed a three-way interaction, such that the overall positive association between depressive symptoms and weight status was reversed among lower-income Brazilians, for whom higher depressive symptoms were associated with a lower BMI. For all other groups, the overall association was robust, with positive relationships between depressive symptoms and weight status for Brazilians earning C$30,000 per year and for Haitians and Latinas across income subgroups. While both high depressive symptoms and obesity were prevalent overall, ethnic group differences were apparent, with Brazilians having a lower prevalence of obesity and Haitians having a higher prevalence of high depressive symptoms, compared to the other groups. The lower obesity prevalence among Brazilians may reflect thinner body size ideals in this ethnic group [26] , in contrast to the acceptance of larger body sizes among immigrants from many other ethnic groups [27] . In a population-based study conducted in Brazil, the majority of women showed body image dissatisfaction, reporting that their body was heavier than the ideal [28] . While thin body size ideals may mitigate the risk of obesity upon immigrating into the US, this factor may not be adaptive, as body dissatisfaction has been associated with unhealthy weight loss behaviors among Brazilians [29] , and lower BMI was positively associated with depressive symptoms in lower-income Brazilians in our sample. More research is needed to For the logistic model depicted above, reference coding of the two categorical variables was used, with Haitians and higher-income (C$30,000) women as reference groups. Findings were consistent when using GLM coding instead, which allows non-full-rank parameterization as in the general linear model procedure, and were also consistent using effect coding, which is the default in SAS * p \ .05; # p \ .10. For the two statistically significant terms depicted, standardized point estimates are as follows: depressive symptoms, B = .26; perceived stress, B = -.17 a Categorical variable: Haitian, Latina, Brazilian b Categorical variable: C$30,000, \$30,000, missing; All other predictors were continuous variables understand the behaviors associated with maintaining a healthy weight upon immigrating to the US in order to promote healthier behaviors and decrease unhealthy ones in a culturally-sensitive manner.
Compared to other studies of immigrants from the same ethnic groups, depressive symptoms in the current sample appear to be higher in Haitians [8] , slightly lower in Latinas [6] , and lower in Brazilians [30] . The ethnic group differences in depressive symptoms identified should be interpreted with caution as it may not be appropriate to compare CES-D scores across populations [31] . Furthermore, different cultural views may impact the extent to which depressive symptoms are disclosed, and additional differences between Haitians and the other ethnic groups in our study could have contributed to observed differences [12] . The Haitian immigrants in our study had been in the US for a shorter amount of time compared to women in the other groups [12] . This overlap between ethnicity and time in the US could explain why the latter did not emerge as a covariate of influence in our study. Based on the literature, shorter time in the US would be expected to be associated with lower depressive symptoms, but it is possible that the acculturative process is experienced differently in Haitian immigrants, for whom the existing data about depressive symptoms are mixed [7, 8] . Another potential contributing factor is the 2010 Haitian earthquake: many Haitians in our study had come to the US in its aftermath, with more than half of 26 Haitian participants who selected an ''other'' reason for emigrating specifying the earthquake as the reason, and others had close relatives who were affected by it. Stress and depressive symptoms have been shown to be elevated in other studies of Haitian immigrants postearthquake [8] . The extent to which the experiences of this cohort of Haitian immigrants will generalize to other cohorts is unknown, but the observation that the overall relationship between depressive symptoms and obesity was largely consistent across ethnic groups, in spite of these differences and independent of other factors examined, suggests that this finding is robust.
The confirmation of the depressive symptoms-obesity relationship in the Latina group has widespread public health implications, given that this ethnic group is the largest immigrant group in the US [2] . Cultural factors to consider when designing interventions addressing these outcomes among Latina immigrants include traditional gender role expectations [32] . In addition to gender role expectations, body shape ideals, and the extent to which depressive symptoms are disclosed and mental health services are accessible, another possible factor in the development of depressive symptoms and obesity that may differ across ethnic groups is racism. Connections between racism and health have been documented among AfricanAmerican and black individuals [33] and may have impacted the Haitian immigrants in particular. Group differences in the acculturation process and challenges encountered therein highlight that the nature of interventions addressing depressive symptoms and obesity should be tailored to fit differing cultural contexts.
While there was a positive relationship between depressive symptoms and obesity in this multiethnic sample of immigrant women overall, a possible exception is the lower-income Brazilians, for whom depressive symptoms were inversely related to weight status in exploratory analyses. This latter finding could reflect issues with food access in the lower-income Brazilians and/or that lowerincome Brazilian women tend to have occupations that involve substantial physical activity [34] . In interpreting the current findings, several caveats should be considered: Fig. 2 Relationship between depressive symptoms and BMI differed by income for Brazilians. Higher depressive symptoms predicted higher BMI among Brazilians earning C$30,000 per year but predicted lower BMI among Brazilians earning less. Income differences in the depressive symptoms-BMI relationship were nonsignificant in the other two ethnic groups first, participants in this study were low-income overall, with the majority of the sample reporting annual household earnings less than $30,000 per year. The observed income differences may be capturing other unmeasured characteristics associated with lower earnings. Additionally, Brazilians had the most income variability, and income data overall were self-reported with 15 % missing data, each of which could have affected the findings. Future research should further explore differences by ethnicity and income.
Limitations of the current study include the aforementioned measurement considerations, as well as the possibility of social desirability biasing responses and the cross-sectional design, which precludes inferences about directionality. Also, descriptive statistics presented may not be representative of all immigrants from these ethnic groups, and selection bias is possible as a result of recruitment through well-established community organizations. Additional research, including investigations in other regions of the United States with sizeable immigrant populations, should be conducted to establish generalizability of the findings. Strengths of the current study include the inclusion of three different ethnic groups, objective assessments of height and weight, and survey measures that have been used across multiple ethnic groups, with translation into each group's native language (although the CES-D and PSS have not been validated in every ethnic group studied). Another strength of this study is its community-based participatory approach, which was guided by a steering committee composed of academic researchers and community representatives from each ethnic group, facilitating culturallyappropriate study protocols and interpretations of findings.
The current findings suggest several avenues for future research. Longitudinal analyses can provide additional information about directionality, which will have implications for intervention efforts among immigrant women with a high prevalence of both depressive symptoms and obesity. Previous research in other samples suggests that relationships between depressive symptoms and obesity are likely bidirectional. If depressive symptoms predict increased weight status prospectively, this suggests that interventions targeting depression through mental health counseling or preventive approaches (e.g., social support; [35] ) may also decrease obesity risk. Such processes could also bolster intervention compliance: for example, lowering depressive symptoms may boost participation in intervention activities and adherence. Further research on directionality and modifiability of these outcomes could inform the development of interventions, including which variables to target. It may be possible to identify intervention targets that could impact both depressive symptoms and obesity (e.g., physical activity, social support), which are applicable and acceptable across ethnic groups.
In sum, high depressive symptoms and obesity were prevalent in a multiethnic sample of women who were new immigrants to the US. Positive relationships between depressive symptoms and weight status were consistent across groups, with the exception of lower-income Brazilians. These findings suggest similar health patterns and needs across several groups of recently-immigrated women although varying levels of high depressive symptoms and obesity and variations in the acculturation process should be considered in addressing these needs. Additional research to establish directionality and modifiability is needed to inform the development and implementation of culturally-sensitive efforts to address these critical public health concerns in new immigrants.
